The expression of the variable (V)-region gene product of antibody producing B-cells is regulated by other cells of the immune system. Accessory-cells such as macrophages and T cells are known to be involved in this regulation. At least two types of T cells are known to be involved; helper T cells exert positive regulation and suppressor T cells exert negative regulation.
We have been attempting to understand.how this regulation is mediated at the cellular level. An in vitro cellular complementation system was developed that utilizes the T-cell dependence of hapten-specific plaque-forming cell (PFC) responses of NFR/N mice. This model system involves the regulation of PFC responses to the trinitrophenyl (TNP) group of trinitrophenylated rabbit erythrocytes (TNP-RE). Although T-cell-deficient nude mice cannot respond to T-cell-dependent immunogens,.they can be complemented to respond in a way similar to that of normal heterozygous NFR/N +/nu mice by the addition of +/nu T cells (1, 2) . This complementing T cell (4) was shown to be in the population of T cells that eluted first from nylon wool columns. We sought to obtain this T-cell subpopulation and other T-cell subpopulations with stable monoclonal phenotypes. Our approach was to attempt to construct functional T-cell hybridomas within the T-cell subpopulations.
In the work reported here we have succeeded in constructing several hybridomas between carrier-primed NFR/N mouse spleen T cells (4) and cells from a mouse T cell lymphoma line. One of these hybridomas, which has been successfully cloned, was observed to have a marked capacity to synergize with NFR/ N nude mouse B cells in the generation of a large number of TNP-specific PFC in vitro. The cloned hybrid (BP1C36) expresses the appropriate T-cell markers consistent with a classification as a T-cell hybridoma.
MATERIALS AND METHODS Mice. NFR/N nude (nu/nu) mice and NFR/N +/nu mice are obtained on standing order from the Small Animal Section, Division of Research Services, National Institutes of Health.
The NFR/N mouse is an inbred substrain of the N:NIH mouse. The inbred NFR/N nude mice are now more than 99.9% homogenous (personal communication, C. Hansen, National Institutes of Health). These mice were derived and are maintained as closed colonies here at the National Institutes of Health as detailed previously (1) (2) (3) (4) (5) (6) .
Lymphoma Cells. The AKR lymphoma cell line (BW5147 TGr) deficient in hypoxanthine phosphoribosyltransferase (7) was obtained from Nancy Ruddle of the Department of Epidemiology, Yale University Medical School, New Haven, CT. A stock of the cells was grown up in Dulbecco's modified Eagle's medium containing 20% heat-inactivated fetal bovine serum and preserved in liquid nitrogen. Working cultures were seeded and grown from this stock as needed.
Cell Hybridization. Ten million BW5147 cells were mixed with 108 spleen cells obtained from rabbit erythrocyte (RE)-primed NFR/N mice and passed through nylon wool (4). The cell mixture was centrifuged at 1200 X g and the cells were resuspended in 0.2 ml of a 30% solution of Mr 1000 polyethylene glycol (Baker) in Dulbecco's modified Eagle's medium without serum. Cells were pelleted at 700 x g for 3 min. After the pellet had been in contact with the polyethylene glycol for a total of 8 min, 5 ml of Dulbecco's modified Eagle's medium was added without disturbing the pellet. After 1-2 min, the cell pellet was gently resuspended intermittently for 4 min. The cells were centrifuged at 1200 x g for 5 min. The medium was aspirated and replaced with 5 ml of cloning medium [Dulbecco's modified Eagle's medium, 10% NCTC-109 (catalog no. 12-123A, M. A. Bioproducts, Walkersville, MD), and 20% fetal bovine serum] without disturbing the pellet. After 7 min, the pellet was gently resuspended and 2.5 ml of the cell suspension was transferred to a tissue culture flask containing 7.5 ml of cloning medium and incubated at 37°C in a tissue culture incubator. The volume of cloning medium was gradually increased 2-fold over a period of 48 hr. At the end of the 48-hr period, the cells were centrifuged at 1200 x g for 10 min and resuspended in HAT cloning medium (cloning medium and 100 ,AM hypoxanthine, 10 AM aminopterin, and 30 ,uM thymidine) to a density of 4 x 10'5 cells per ml, and 0.5 ml was seeded in each well of a 24-well cluster dish (Costar no. 3524). The cultures were incubated at 370C in an atmosphere of 83% nitrogen/ 10% C02/7% 02 and 100% relative humidity. PFC Assays. Estimations of hapten-specific anti-TNP PFC responses of cultures were done in agarose plates as described (2, 3) . TNP-SE and TNP-RE prepared by the method of Rittenberg and Pratt (8) were used as target indicator cells. When TNP-RE were used as the target cells, it was helpful to increase the amount of guinea pig complement by 10% and to decrease the number of TNP-RE targets during plating by about 40% relative to standard conditions. Karyotype Analysis. Chromosome counts of the hybrid cells and the fusion partners, BW5147 cells and NFR spleen cells, were performed according to the method outlined in the Gibco chromosome test kit (catalog no. 120-6706).
Tests Other antisera used in control experiments were as follows. Rabbit IgG anti-azoarsanilate was raised by hyperimmunization of rabbits with p-arsanilic acid conjugated to bovine serum albumin. Goat IgG anti-chicken egg albumin was purchased from Cappel Laboratories be immunized to TNP when TNP was borne on PE or SE carriers (Fig. 3) . Karyotype of Hybrids. Next, it was important to perform karyotype analysis on the clones to ascertain that they were hybrids. Table 1 shows the chromosome number of the hybrids and the fusion partners. BP1C36, BP1C37, and BP1C42 all have more chromosomes than does either parent, but the number of chromosomes is less than the sum of the two parents, indicating that they are hybrids and not heterokaryons or diploids. Being aware of the general problem of karyotype instability in hybrid cells, we have taken the precaution of using only freshly seeded hybrids from liquid nitrogen storage and limiting the number of subcultures.
T-Cell Markers of Hybrids. The next question asked was whether these hybrid cells capable of complementing the anti-TNP PFC responses of NFR/N nude mice bore cell surface markers characteristic of T cells. 
DISCUSSION
This paper reports the isolation of a cloned hybridoma with a helper T-cell phenotype and appropriate T-cell markers. This hybridoma line was constructed by the fusion of carrier-primed nylon wool non adherent splenocytes with T-cell lymphoma cells from the BW5147 cell line. This construction was facilitated by our prior establishment of a highly characterized immunocyte complementation system in vitro (1) (2) (3) (4) . Important to this system is the use of splenocytes from highly inbred NFR/ N nude mice as the source of potential antibody-secreting B lymphocytes and of accessory macrophages and the use of splenocytes from NFR/N +/nu mice as a source of regulatory T lymphocytes (1) (2) (3) (4) (5) . This system is highly reliable for the assessment of the function and phenotype of either T-cell subpopulation as well as the function of other cell types that may augment or suppress the magnitude of in vitro or in vivo PFC responses (1) (2) (3) (4) (5) (Table 3) . Because the bound rabbit anti-VH is detected secondarily by a rhodamine-labeled goat IgG F(ab')2 anti-rabbit antiserum, the BP1C36 cells were also preincubated with an excess amount of an irrelevant goat IgG antiserum (anti-chicken egg albumin). The results showed that BP1C36 cells bound the rabbit IgG anti-VH even after incubation with excess rabbit IgG of irrelevant specificity. Note that IgG determinants present on the irrelevant rabbit IgG were blocked by use of a sheep antirabbit IgG antiserum prior to incubation of the cells with the rabbit anti-VH antiserum. This was done to ensure that the final addition of Rd-F(ab')2 goat anti-rabbit IgG would detect only the bound rabbit anti-VH (Table 3 ). The fluorescence of the cells in the final step of this procedure corroborates the specific binding of the anti-VH antiserum by BP1C3 hybrid cells as observed ( Table 2 ).
Relative to the second problem, the monoclonal anti-Thy 1.2 and anti-Lyt 1 are products of mouse-rat hybridomas. Anti-Lyt 1 is an IgG2 H chain isotype and anti-Thy 1.2 is an IgG2b H chain isotype. BP1C3 cells were incubated with an excess of purified rat IgG2 and an excess of purified IgG rich in IgG2b. (Table   4 ). Moreover, the data suggested that BP1C36 may not express an Fc receptor for rat IgG, because no fluorescence was observed on BP1C36 cells preincubated with excess rat IgG and then with Rd-F(ab')2 rabbit anti-rat IgG (Table 4) . These results corroborate the specific binding of the monoclonal antibodies by BP1C36 cells (Table 2) .
Interestingly, we observed hybrids-e.g., BP1C42-that bore T-cell markers but were apparently devoid of T-cell helper function (Table 2 , Fig. 1 ). This result, along with the results of preliminary tests of several of the other potential T-cell hybrids constructed, suggests that we may achieve isolation or "immortalization" of the major array of T-cell phenotypes. These clones of cells will be useful in ascertaining the multiple roles of T cells and their mechanisms in the regulation of the immune system. Tihs approach may lead to a better understanding of T-cell circuitry (15, 16) 
